Chimpanzees (Pan troglodytes) have served as an important model for studies of reproductive diseases and aging-related disorders in humans. However, limited information is available about spontaneously occurring reproductive tract lesions in aging chimpanzees. In this article, the authors present histopathologic descriptions of lesions identified in the reproductive tract, including the mammary gland, of 33 female and 34 male aged chimpanzees from 3 captive populations. The most common findings in female chimpanzees were ovarian atrophy, uterine leiomyoma, adenomyosis, and endometrial atrophy. The most common findings in male chimpanzees were seminiferous tubule degeneration and lymphocytic infiltrates in the prostate gland. Other less common lesions included an ovarian granulosa cell tumor, cystic endometrial hyperplasia, an endometrial polyp, uterine artery hypertrophy and mineralization, atrophic vaginitis, mammary gland inflammation, prostatic epithelial hyperplasia, dilated seminal vesicles, a sperm granuloma, and lymphocytic infiltrates in the epididymis. The findings in this study closely mimic changes described in the reproductive tract of aged humans, with the exception of a lack of malignant changes observed in the mammary gland and prostate gland.
In the 21st century, there has been a global demographic shift such that the number of individuals >60 years old is increasing rapidly in both developed and nondeveloped nations. 19, 87 As the number of aged adults in the United States continues to expand, it becomes increasingly important to understand the changes that characterize reproductive aging and their effect on this population. 1, 22, 30, 95 Not only do reproductive aging and senescence mark a decline or cessation in fertility, but the associated hormonal changes also often adversely affect the quality of life, especially in postmenopausal females. With changing socioeconomic priorities and increased availability of advanced medical fertility technology, the average age at first childbearing is gradually increasing, resulting in a shorter reproductively fertile period following first conception. 62 Since the 19th century, the human life span has doubled, and the life expectancy in developed countries has progressively increased to >70 years. 30 Men and women are living longer; however, the pace of reproductive aging far exceeds the pace of somatic aging, resulting in a long period of postreproductive senescence, especially for females.
1,50,60 Some researchers suggest that the unusually long postfertile life in human females is an evolutionary advantage, as it enables multigenerational support in raising young. 39, 40, 60 However, further research is warranted to better understand the biology of reproductive aging to improve the quality of life and possibly delay the process of reproductive aging. 39, 40, 49, 55 Given the ethical and practical restrictions of research on reproductive aging using humans, several animal models have been proposed, ranging from rodents to nonhuman primates, each with its own advantages and disadvantages. 61, 92 The choice of an appropriate model depends on several factors, including phylogenetic closeness to humans, longevity, rate of aging, reproductive physiology, and hormonal and biochemical profiles. Based on these factors, nonhuman primates (specifically macaques, baboons, and chimpanzees) stand out as good candidates. 61 Chimpanzees (Pan troglodytes) are phylogenetically the closest living human relative and have similar hormonal, biochemical, and behavioral patterns as human beings.* The life span of chimpanzees in the wild ranges from 15 to 19 years. 43, 67 In captivity, their life span is significantly longer, and it is not uncommon for chimpanzees to live 40 to 50 years and show a similar aging pattern to that of humans. 13, 43 However, studies in chimpanzees are subject to many of the same potential limitations as studies in humans, such as variable history of contraceptive use and incomplete or incorrect histories of infectious diseases of the reproductive tract. In addition, research in chimpanzees will be very limited in the future due to the recent recommendations published by the National Institutes of Health. 68 Much of the research on nonhuman primate reproductive aging is focused on menopause, and there is considerable debate whether chimpanzees are a suitable model for studying menopause.
y Some researchers have proposed that menopause in midlife with a long postfertile life span is unique to women. Others contend that reproductive decline is a universal phenomenon in all primates, and chimpanzees, like humans, do exhibit reproductive decline. Studies have shown that in female chimpanzees, there are signs of reproductive aging after 30 to 35 years characterized by increased menstrual cycle length, decreased frequency of estrus, reduced rate of conception, depletion of ovarian follicles, and fibrosis of the ovaries.
z However, unlike humans, there is no abrupt decline or cessation of fertility, and instead of menopause, perimenopause or premenopause seems to be a more appropriate term to describe this phenomenon in chimpanzees. This is a simplistic explanation, and the debate continues, although many are of the opinion that female chimpanzees remain fertile until the fifth or sixth decade of their lives, which in most cases covers their entire life span.
§ In contrast to female chimpanzees, reproductive aging in male chimpanzees remains largely undefined. 30 Except for the occurrence of benign prostatic hyperplasia in captive aged male chimpanzees, 85 there are no reports of an age-associated decline in fertility of male chimpanzees. 30 There are a limited number of publications describing the spontaneous pathology of the reproductive tract in chimpanzees. Most are in the form of case reports or case series, including reports of adenomyosis, 10 leiomyoma, 14, 37, 82, 90 endometrial stromal tumors, 86 and Sertoli cell tumors. 38 Here we describe spontaneous lesions and normal aging-associated changes seen in the reproductive tract of 67 aged (>35 years) captive chimpanzees housed at 3 primate centers in the United States. To our knowledge, this is the most comprehensive retrospective examination of spontaneous reproductive lesions in captive chimpanzees.
Materials and Methods
All chimpanzees >35 years old that had archived histologic slides of reproductive tissue, that were considered of reasonable quality, were included in this study. The majority of tissues were collected at necropsy; however, some were surgical specimens. Thirty-five years was chosen as the cutoff age based on (1) published data indicating that female chimpanzees show evidence of reproductive aging around 30 to 35 years and (2) the attending veterinarian's clinical impression of what constituted an aged animal. 36, 37 Tissues from 3 research centers accredited by the Association for Assessment and Accreditation of Laboratory Animal Care (AAALAC) in the southwest United States were included: Michale A. Keeling Center for Comparative Medicine and Research, The University of Texas MD Anderson Cancer Center, Bastrop, Texas; Texas Biomedical Research Institute, San Antonio, Texas; and Alamogordo Primate Facility, Alamogordo, New Mexico. Thirty-three female chimpanzees >35 years old were identified from the 3 facilities. They ranged in age from 35 to 56 years, and the median age was 43 years. For females in which parity data were available (n ¼ 18), animals ranged from nulliparous to 10 offspring, with a median of 3 offspring. Information on contraceptive method use was also available in 18 of these animals. Methods included intrauterine device, oral contraceptive (0.3 mg, norgestrel; 0.03 mg, estradiol), Implanon (etonogestrel implant), and Norplant (levonorgestrel implant). Contraceptives were administered per manufacturer guidelines. Animals not receiving contraceptives were housed only with vasectomized males or had previously undergone hysterectomy. In the 33 females included in the study, histologic slides of the following tissues were examined: ovaries from 27 animals, uterus from 32, vagina from 10, and mammary gland from 16 (Table  1) . Thirty-four male chimpanzees >35 years old were identified from the 3 facilities. The animals ranged from 35 to 53 years of age with a median age of 40 years. Clinical data were available for 9 of the males, and of these, 1 had undergone a vasectomy procedure. In the 34 male animals included in the study, slides of the following tissues were examined: testes from 32 animals, prostate from 16, epididymides from 14, and seminal vesicles from 23 ( Table 2 ). Clinical data were reviewed for the 19 females and 9 males from the MD Anderson Cancer Center. Clinical data from the other 2 institutions were not available for review.
Results

Ovary
The ovaries were examined from 27 chimpanzees with an average age of 43 years. All animals exhibited histologic changes of ovarian aging, consistent with those previously reported in both humans and nonhuman primates. || The most commonly noted changes included decreased or absent primordial follicles ( Fig.  1) with clustering of those remaining (Fig. 2) , few developing follicles, cortical and medullary fibrosis, and tortuous vessels with vascular wall thickening and hyalinization (Fig. 3) . Less * References 2, 11, 36, 41, 43, 75, 85, 89 y frequently recorded findings in this group included persistent corpora albicantia (the regressed form of corpora lutea), follicular cysts (Fig. 4) , aggregates of adipocytes within the stroma, and remnants of corpora lutea. Several of the most severely affected ovaries were from chimpanzees aged 40, 41, and 43 years, while the mildest changes were noted in animals aged 35, 41, 42, and 44 years. Many of the animals also had multifocal deposits of hemosiderin and/or hemosiderophages (Fig. 5) within the cortical and medullary stroma, and to our knowledge, this finding has not previously been reported in aged chimpanzee ovaries. The presence of hemosiderin was confirmed by Prussian blue staining.
One ovary from a 41-year-old chimpanzee contained a small mass that was well circumscribed and composed of lobules of neoplastic cells separated by fibrous connective tissue. Within the lobules, neoplastic cells were arranged in nests and often formed rosette-like structures that surrounded an eosinophilic hyaline material (Call-Exner bodies; Fig. 6 ). Neoplastic cells were polygonal to columnar, with variably distinct cell borders and a moderate amount of vacuolated pale eosinophilic cytoplasm (Fig. 7 ). Nuclei were round to oval with finely stippled chromatin and generally 1 distinct basophilic nucleolus. No mitoses were noted. The histologic features of this mass were consistent with a granulosa cell tumor.
Uterus
Uterine tissue was evaluated in 32 chimpanzees with an average age of 43 years. The amount of endometrium and myometrium varied from specimen to specimen, and the orientation of the tissue section was not always apparent. The majority of the uterine tissues were collected at necropsy; however, 7 were surgical specimens from hysterectomy procedures. The most commonly observed lesions were leiomyomas, adenomyosis, and endometrial atrophy.
Leiomyomas were present in 20 animals and were variably sized, often multiple, and they also occurred in the cervix. In animals in which the contraceptive history was known (n ¼ 18), there did not appear to be any relationship between contraceptive use and the prevalence of leiomyomas, nor did there appear to be any relationship with parity. All 4 methods of contraception (intrauterine device, oral, Implanon, Norplant) were represented in the leiomyoma group and in the unaffected group. Animals with leiomyomas had given birth to 0 to 5 infants, with an average of 2.2 infants per female. Animals without leiomyomas had given birth to 1 to 4 infants (average, 2.8), excluding 1 outlier that had given birth to 10 infants. Microscopically, leiomyomas were composed of interlacing streams and bundles of smooth muscle cells that were poorly to moderately demarcated from the surrounding myometrium and formed expansile masses ( Fig. 8 ) that sometimes protruded from the serosal or luminal surface. The cells were characterized by an elongate nucleus with coarsely stippled chromatin and an elongated, spindyloid, eosinophilic cell body (Fig. 9) . In some leiomyomas, there was an increased nuclear:cytoplasmic ratio. There was minimal to mild anisocytosis and anisokaryosis, and mitoses were uncommon. Larger leiomyomas sometimes had necrosis, particularly toward the center of the mass. One leiomyoma contained areas of mineralization and a focus of osseous metaplasia (Fig. 10) . For animals in which the clinical history was well documented, there were rarely any clinical signs attributable to the leiomyomas. However, in 1 animal (45 years old), a large cervical leiomyoma (3-4 cm in diameter) led to heavy vaginal bleeding, and the animal was euthanized (Fig. 11) . Adenomyosis was present in 8 animals and was characterized by ectopic endometrial glands and stroma within the myometrial wall at least one 400Â field from the base of the uterine epithelium (Fig. 12) . The glandular epithelium lacked any evidence of atypia or mitotic figures. Foci of adenomyosis were usually small and typically composed of 5 to 10 glands and a small area of stroma <5 mm in diameter. However, some foci contained dilated cystic glands and were larger. In some foci of adenomyosis, the surrounding myometrial cells were mildly hyperplastic. There did not appear to be a relationship between contraceptive history or parity and the occurrence of adenomyosis. Of the 8 animals with adenomyosis, 2 had been on oral contraceptives, 1 on Implanon, 1 on Norplant, 2 with no contraceptives and 2 with an unknown history. Of the 6 animals with adenomyosis that had clinical history available, 4 had given birth to 2 infants, and 2 had given birth to 3 infants.
Sixteen specimens contained adequate endometrial tissue for evaluation. Ten of these animals demonstrated variable evidence of endometrial atrophy. Atrophic endometrium was thinner (approximately 700 mm), and the surface epithelium was flattened and inactive. The endometrium contained fewer glands, with some glands being lined by cuboidal epithelium and filled with proteinaceous secretory material (Fig. 13) . In the less severely atrophic specimens, some glands resembled normal proliferative phase glands but lacked mitotic figures. The demarcation between the stratum basalis and the stratum functionalis was often indistinct. The stroma of atrophic endometrium was most commonly composed of spindyloid cells within a fibrous stroma; however, in 1 animal the stroma had a decidual morphology.
Vascular changes were present in 4 animals and affected the large arcuate and radial arteries. Changes included intimal proliferation and thickening, medial hypertrophy and mineralization, or fibrinoid degeneration of the tunica media (Fig. 14) . In one 42-year-old female, the mineralization had been diagnosed antemortem with ultrasound during a routine annual physical examination. This animal also had a history of chronic hypertension. A 41-year-old female with vascular mineralization had given birth to 10 infants, the most of any of the animals with a birth history available. No history was available for the remaining 2 females with vascular changes in the uterus.
A 40-year-old female and a 50-year-old female had endometrial hyperplasia with cystic glandular dilation. The endometrium in these animals measured up to 7.5 mm thick with numerous dilated glands containing secretory material. One 43-year-old female had an endometrial polyp. The polyp was composed of endometrial glands and stroma with numerous cystic secretion-filled glands. No atypia was present in the polyp. One 44-year-old female had a focal area of mineralization in the myometrium that was surrounded by a small focus of macrophages and scattered lymphocytes. Unlike the other animals with mineralization of the large arteries, the mineralization in this animal was not associated with the vasculature.
Vagina
Vaginal tissue was examined from 10 chimpanzees with an average age of 46 years. In 8 of the 10 chimpanzees, the vaginal wall was considered normal. The mucosal epithelium in these 8 animals was 125 to 250 mm thick and composed of nonkeratinized stratified squamous epithelium arranged in layers of 15 to 20 cells. However, in 2 of the submissions aged 44 and 46 years, the mucosal epithelium was thinner (<125 mm) with fewer cell layers (*10 cells thick). Also, infiltrates of lymphocytic and histiocytic cells were more prominent in the submucosa and were admixed with low numbers of neutrophils within the mucosa. These changes suggest an ongoing inflammatory reaction and atrophy of the mucosa.
Mammary Gland
Mammary tissues were examined from 16 female chimpanzees with an average age of 44 years. For inclusion, the samples needed to contain large and small ducts (ductules, terminal ducts) and lobular acinar units embedded in stroma (fibrous and/or adipose tissues). None of the animals were nursing an infant at the time of tissue collection. All 8 chimpanzees for which the reproductive history was available had previously given birth, with the number of births ranging from 1 to 10. In addition, 6 of these 8 received oral or implanted contraceptives, and 2 had undergone ovariohysterectomies.
In 8 of the 16 chimpanzees, the lobular acinar units were small (<50 Â 100 mm) and scattered within a loose stroma of fibrous and/or adipose tissue. The units had small lumens and were lined by cuboidal cells in single or double layers. Little intralobular stroma was present, and low numbers of plasma cells, lymphocytes, and occasional mast cells were observed in the surrounding interlobular stroma. Terminal ductules and ducts were small, but large ducts were present extending into the dermal collagen. The units were considered to be reduced in size and number and inactive. The median age of the animals with inactive glands was 42.3 years. Three animals in this group had a history of having between 2 and 5 offspring; data were not available for the remaining 5 animals.
In 4 chimpanzees, the lobular acinar units were prominent (*600 Â 1250 mm), with variably sized lumens often filled with light eosinophilic fluid, and were lined by a single layer Figures 8 and 9 . Leiomyoma, uterus, chimpanzee, 47 years old. HE. Figure 8 . The neoplasm in the endometrium is composed of interlacing bundles of smooth muscle cells. Figure 9 . Neoplastic cells are characterized by an elongate nucleus with coarsely stippled chromatin and an elongated, spindyloid, eosinophilic cell body. Figures 10 and 11 . Leiomyoma, uterus, chimpanzee, 41 years old. Figure 10 . Osseous metaplasia is present in this leiomyoma, surrounded by necrotic tissue at the center of the mass. Hematoxylin and eosin (HE). Figure 11 . A large cervical leiomyoma protrudes into the vagina and led to heavy bleeding. Figure 12 . Adenomyosis, uterus, chimpanzee, 43 years old. Clusters of endometrial glands and surrounding stroma within the myometrium. HE. Figure 13 . Endometrial atrophy, uterus, chimpanzee, 44 years old. Atrophic endometrium with fluid-filled, dilated, and irregularly oriented glands. HE. Figure 14 . Arterial hypertrophy and mineralization, uterus, chimpanzee, 41 years old.
of cuboidal cells. However, some acini were ectatic and lined by large epithelial cells that protruded into the lumen. The intralobular fibrous stroma was conspicuous and divided individual acinar units with a lobule. This stroma contained low numbers of plasma cells, lymphocytes, and/or mast cells. The extralobular stroma was variably loose or dense and composed of fibrous or adipose tissues. Ducts that extended to the dermis and surface were often large and ectatic and frequently contained prominent amounts of eosinophilic fluid. Occasional small lymphoid nodules were observed around larger lobules and ducts. The mammary gland morphology in these chimpanzees was consistent with glandular activity and production of milk (lactation). The median age of the animals with active glands was 43.8 years. Five chimpanzees in this group had a history of having between 1 and 10 offspring.
The remaining 4 chimpanzees had mammary gland changes that included both inactive and active lobular acinar units and ducts. One animal in this group had several small ducts in the acinar unit area that had swollen, vacuolated epithelial lining cells, lumens containing low numbers of neutrophils, and mild periductal infiltrates of lymphocytes and some plasma cells. This was the only animal with an apparent active inflammatory process. Also, 2 chimpanzees in this group had several arteries in the area of the lobular acinar units with hyalinization of the wall. Although a clinical history was not available, the arterial change was suggestive of hypertension. 52 
Tests
Testes from 32 animals were examined, of which 20 were identified as having degenerative changes present. These changes consisted of a seeming continuum, from loss of few spermatids and seminiferous tubular epithelium with hypospermatogenesis, to complete loss of spermatids and seminiferous tubular epithelial cells in the tubules, thickening of the tubular basement membranes, and fibrosis (sclerosis). Occasionally, seminiferous tubules contained multinucleated giant cells. Sertoli cell morphology appeared normal in the remaining tubules. In most cases, these changes were multifocal (Fig. 15) , but in 1 case there was complete loss of spermatids and epithelium, and diffuse thickening of the basement membranes but with preservation of interstitial cells (Fig. 16) . Mild lymphocytic infiltrates were detected in 4 testes, and in 1 there were scattered hemosiderophages.
Prostate Gland
Prostate was evaluated in 16 animals, and 12 had abnormalities. The most common lesion in the prostate was periglandular lymphocytic infiltrates, present in 11 animals. Seven had lymphocytic infiltrates with degeneration of glandular epithelium and rare neutrophils in glands, and 3 animals had periglandular fibrosis in association with lymphocytic infiltrates (Fig. 17) . The lymphocytic infiltrates were usually minimal to mild, with only 2 cases considered to be moderate. Another lesion observed in the prostate was hyperplastic glandular epithelium, which was found in 3 animals. Hyperplastic epithelium consisted of multifocal areas of epithelial cells with greater numbers of basaloid cells, often forming papillary protections into the glandular lumens (Fig. 18) . Corpora amylacea, sometimes mineralized, were present in all prostates and were considered normal findings.
Epididymis and Seminal Vesicle
Of 14 epididymides examined, 3 had lesions. All 3 had mild lymphocytic infiltrates; 2 also had scattered hemosiderophages. In addition, 1 of the animals with scattered hemosiderophages in the epididymis had a sperm granuloma. The identification of hemosiderin was based on the morphology of the pigment, and other pigments, such as lipofuscin, were not definitively ruled out. Of the 23 seminal vesicles examined, 1 had a lesion consisting of dilation of the gland with attenuation of the epithelium.
Discussion
In women, reproductive senescence is characterized by cessation of menstrual cycling, ovulation, and ovarian steroid hormone production. 24, 32, 47, 84 Thus, the ovary is an important regulator of mammalian reproductive senescence. 91, 93 Aging of the ovary involves transition from a follicular-rich organ that is actively and cyclically secreting hormones (estrogen and progesterone) to an organ that is atrophic, follicle depleted, and producing low levels of progesterone. 57, 58, 64 Apoptosis causes most of the atrophic changes and exhibits increased activity during the perimenopausal period and after menopause. 58 Structural changes in the aged human ovary have been noted to occur after menopause, and the health and quality of human oocytes are cited to progressively decline with age. 18, 31, 34, 51, 58, 70 Ovaries from all 27 chimpanzees examined here exhibited histologic changes of aging, consistent with those previously reported in both humans and nonhuman primates. These included decreased or absent primordial and developing follicles, cortical and medullary fibrosis, vascular changes, persistent corpora albicantia and remnant corpora lutea, follicular cysts, stromal adipocyte aggregates, and deposits of hemosiderin and/or hemosiderophages. The severity of the ovarian aging changes ranged from mild to marked, with the majority of animals having at least moderately prominent findings. Figure 15 . There is variable loss of the seminiferous tubular epithelium and spermatids with some sclerotic tubules. Figure 16 . There is diffuse atrophy of the seminiferous tubular epithelium with no sperm present, sclerosis of the tubules, and fibrosis of the interstitium but with preservation of some of the interstitial cells. HE. Figure 17 . Lymphocytic infiltrates, prostate gland, chimpanzee, 37 years old. There is periglandular lymphocytic infiltration, neutrophils within glands, and periglandular fibrosis. HE. Figure 18 . Prostatic glandular epithelial hyperplasia, chimpanzee, 37 years old. There is multifocal hyperplasia of basaloid cells. HE.
There was no difference in the severity of ovarian lesions among the 3 facilities. There was no apparent correlation between use or type of birth control and the severity of aging changes noted in the ovaries examined. Interestingly, those animals of the most advanced age did not always have the most severe lesions. For example, several of the most severely affected ovaries were from chimpanzees with similar ages as those with the mildest changes.
Menopause is presumed to occur when the total number of available follicles is depleted to a level at which estrogen secretion drops and ovulation terminates. 5, 64, 69, 94 In women, this occurs when the follicular store is depleted to approximately <1000. 25, 35 Loss of or markedly decreased numbers of primordial and developing follicles were a common, often prominent, finding in this cohort of chimpanzees. Although quantification of follicle number was not possible in these animals, due to sample limitations, it is interesting to speculate whether this degree of follicular loss would correlate with menopause in these chimpanzees.
The lesions observed in the uterus of aged chimpanzees in this study closely resembled what are reported in humans.
{
There was a high incidence of leiomyomas (fibroids), which in many animals were numerous. Up to 80% of women aged 50 years have leiomyomas, and fibroids are the leading indication for hysterectomy in women. 8, 73 Although benign, leiomyomas can cause heavy vaginal bleeding, pelvic pain, and infertility. 16 In the female chimpanzees in which clinical history was available, only 1 had documented clinical signs associated with a leiomyoma. This animal had a large cervical fibroid that caused severe vaginal bleeding. In contrast to a previous study, 90 we were unable to detect any difference in the incidence of leiomyoma among animals on different contraceptive methods. However, we had limited data available, so it would be unwise to draw definitive conclusions about contraceptive use from our data.
Adenomyosis, another common finding in women, was present in several of our chimpanzees. Although only reproductive tissues were examined in this study, it was interesting to note that endometriosis was not listed in the history or necropsy report of any of the 19 aged females from the MD Anderson Cancer Center. It appears that although adenomyosis is common, endometriosis is an a rare diagnosis in chimpanzees, in contrast to humans, in which an estimated 10% of the overall population is affected by endometriosis. 74 The endometrial atrophy seen in these chimpanzees could be attributable to an aging change, but it could also be the result of long-term contraceptive use. 4, 20, 29 Cystic endometrial hyperplasia, seen in 2 females, can also be associated with long-term contraceptive use. 21 Both of the animals with cystic endometrial hyperplasia had been on contraceptives: 1 on oral contraceptive and 1 on Implanon. Because the contraceptive history was unknown in many of the animals and because of the various methods employed, it was not possible to draw any conclusions about contraceptive use and the incidence or severity of the endometrial changes.
The vascular changes seen in the uterus of 4 animals were likely due to vascular remodeling that occurs during pregnancy, although previous pregnancy could be confirmed in only 2 of the animals (3 and 10 offspring) . Interestingly, the animal that had the most previous pregnancies (10 offspring) was one of the animals with vascular changes. Uterine vessels undergo vascular remodeling during pregnancy to allow for increased uteroplacental blood flow, and these changes include hypertrophy and hyperplasia of the vascular smooth muscle. 72 Although blood flow will return to normal postpartum, the vascular changes are not completely reversible. 72, 80 Alternatively, for some animals, the changes might be attributable to systemic disease, particularly in the case of the animal with a documented history of hypertension. 71 The vaginal tissues of aged chimpanzees showed features as described for the normal vagina of humans. 53, 66 There were no differences in vaginal features across the ages represented in this survey. Two animals had mild inflammation in the mucosal layer and mild atrophy. The mucosal atrophy and vaginitis were similar to that described in aged humans. 27 Decreased vaginal secretions, increased pH, and thinned mucosa all contribute to the atrophic vaginitis described in aged human females. 17, 26, 59 Evaluation of the mammary gland showed that the glands from half of the animals were in an inactive state. Of the remaining animals, 4 had active lactating glands, while 4 had a combination of inactive and active glands. The mammary changes occurred across all ages represented in this survey. The chimpanzee mammary gland features were similar to those described in human breast tissue 53, 66, 77, 78 ; however, benign epithelial lesions (nonproliferative, proliferative, and atypical hyperplastic) and carcinoma of the breast, which are common in humans, were not observed in any of the animals. 53 Approximately 1 in 8 women in the United States will develop breast cancer in her lifetime, 44 so it is interesting to note the rarity of breast cancer in chimpanzees, despite their phylogenetic closeness to humans.
Notwithstanding a previous study suggesting that benign prostatic hyperplasia was common in adult chimpanzees, we did not detect nodules consistent with benign prostatic hyperplasia in the chimpanzees in this study. 85 Glandular cell hyperplasia was occasionally detected; however, this change was found in a limited number of chimpanzees (3 of 16 examined), and neoplastic changes or atypical hyperplasia, common in humans, was not seen. 45 Another lesion that is common in humans is lymphocytic infiltrates, which were detected in 11 chimpanzee prostates. 45, 79 Most testicular and epididymal lesions are likely to be related to aging or secondary to vasectomy, commonly used for sterilization in the chimpanzees. Aging changes in the testes of humans include variable atrophy of seminiferous tubules, tubular basement membrane thickening, and sometimes sclerosis of the tubules, similar to what was seen in these chimpanzees. 46 All of these changes have also been reported in macaques and { References 4, 9, 12, 20, 21, 29, 33, 72, 80, 83 humans following vasectomy. 63, 76, 81 This has implications for reversal of vasectomies, as loss of the seminiferous tubules will result in reduced viable sperm production, although the mechanism of seminiferous tubular atrophy and subsequent sperm reduction is not known. 63 Complete records for all chimpanzees were not available, so the actual number of vasectomized chimpanzees was not determined, although at least 8 were not vasectomized. The presence of mild lymphocytic infiltrates in 4 testes and in 3 epididymides, as well as a sperm granuloma in 1 epididymis, and hemosiderin in 2 testes and 2 epididymides are of undetermined etiology; however, these seem unlikely to be aging changes. In 1 animal, complete loss of the testicular epithelial component but preservation of the interstitial cells suggests a transient ischemic event, possibly associated with vasectomy, or some other event that targeted the seminiferous tubules.
The changes observed in the aged chimpanzee reproductive tract were similar to what are reported in humans; however, there were some key differences. The most common findings were ovarian atrophy, uterine leiomyoma, adenomyosis, endometrial atrophy, seminiferous tubule degeneration in the testes, and lymphocytic infiltrates in the prostate. Age-associated findings in humans that were not seen in chimpanzees included mammary epithelial hyperplasia and carcinoma, endometriosis, and prostatic atypical epithelial hyperplasia and carcinoma. Although this is the most comprehensive study examining reproductive system lesions in aging chimpanzees, the sample size was still extremely small as compared with epidemiologic studies in humans. In addition, this population was limited to captive chimpanzees at research centers in the southwest United States, and we must be cautious about extrapolating the data to make conclusions about all populations of chimpanzees. Nonetheless, the overall similarity to human reproductive aging but reduced incidence of malignant and premalignant lesions underscores the importance of chimpanzees in understanding reproductive system aging.
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